Voltage-gated sodium currents in isolated retinal ganglion cells of the cat: relation between the inactivation kinetics and the cell type.
Ganglion cells in the cat retina were retrogradely labeled by injecting a fluorescent dye (DiI) into either the lateral geniculate nucleus (LGN) or the superior colliculus (SC). Cells were then dissociated enzymatically from the retinal tissue. LGN-projecting ganglion cells consisted of 2 different populations, one with small and the other with large somata, which were identified as W and X cells, respectively. SC-projecting cells consisted of a single group of cells with small somata, identified as W cells. The voltage-gated sodium current (INa) was recorded from isolated ganglion cells under the voltage-clamp condition using a patch pipette in the whole cell configuration. INa was identified by reversible tetrodotoxin block. INa was activated by depolarization of the cell from the holding potential (Vh) of -95 mV to membrane voltages (Vm) more positive than -45 mV. The maximum INa was recorded at around -15 mV. INa flowed outward at Vm more positive than +65 mV. The reversal potential of INa became more negative voltages with low extracellular Na concentration ([Na+]o) with a relation of 58 mV for a 10-fold change in [Na+]o. INa was inactivated with a few milliseconds. Once inactivated, INa recovered by holding the cell membrane hyperpolarized. While the voltage dependence of INa activation and steady-state inactivation were constant from cell to cell, the time course of recovery was not. Cells with a large soma showed a rapid recovery, while cells with a small soma showed slow recovery. Thus, the rate of recovery is faster for X cells than for W cells. Perhaps this helps to explain the 'sluggish' firing of the latter cell type.